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Abstract. The user experience (UX) in educational settings is crucial,
extending beyond academic performance to encompass students’ percep-
tions and responses to teaching methods. Blended learning (BL), inte-
grating online and face-to-face components, including flipped learning
(FL), enhances engagement through platforms like the HTML5 package
(H5P). Despite these advancements, guidelines for designing and evalu-
ating online learning experiences with H5P are lacking. This paper aims
to address this gap by providing recommendations for H5P integration
and a methodology for assessing student learning experiences. Key con-
tributions include positioning H5P among comparable tools, offering a
detailed process for leveraging H5P, and emphasizing the need for effec-
tive assessment methods. The case study, conducted in a master’s thesis
methodological seminar, involved two rounds of user testing, revealing
insights into student preferences and needs. Findings suggest students
prioritize content and usability over attractiveness and value H5P inter-
active features. Future work should replicate this case study with other
teaching units, e-learning technologies, or other student groups.
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1 Introduction

User experience (UX) encompasses individuals’ perceptions and responses result-
ing from using and/or anticipating the use of a product, system or service [18§].
Beyond usability [21], UX requires examination of both pragmatic (e.g. ease
of use) and hedonic attributes (e.g., stimulation) [13]. Aligned with UX, the
learning experience extends beyond academic performance to include students’
perceptions and responses to an educational approach.

Blended learning (BL) merges online and face-to-face components [4,17, 23],
incorporating flipped learning (FL) where students access learning materials such
as videos, tutorials, or documents online before attending classes. Plugins such
as HTML5 Package (H5P)! enrich learning materials with interactive videos, fill-
in-the-blanks or image sequencing, which empowers students to engage directly
with educational content [5,41,36], enhancing the learning experience [7, 35].

! H5P:https://h5p.org



2 M. Noutcha and S. Kieffer

However, specific guidelines for the design and evaluation of H5P-based learn-
ing experiences are lacking, which raises questions such as: How to design online
learning experiences that fully leverage the advantages of H5P? To what extent
does the integration of H5P exercises into learning materials benefit students’
overall learning experience? These are relevant questions to address given the
ever-increasing demand for e-learning tools, especially since the successive lock-
downs during the covid-19 pandemic. Studying the relevance of these tools is
crucial for developing meaningful online learning experiences.

The objective of this paper is twofold: (1) provide recommendations for inte-
grating H5P elements into pedagogical frameworks; (2) provide a methodology
for assessing students’ learning experience with H5P material in terms of perfor-
mance, perceptions, and responses. The paper makes the following contributions:

1. The related work section positions H5P among comparable e-learning tools
such as Xerte, Storyline, Adapt or eXeLearning, both informing current prac-
tices and establishing a foundation for potentially replicating this research,
which focuses on H5P, with other e-learning tools.

2. The case study provides a detailed, step-by-step breakdown of how to lever-
age H5P interactive exercises to flip content. Special emphasis is placed on
the critical role of designing H5P exercises that seamlessly integrate into
pedagogical frameworks, thereby enhancing the effectiveness of learning.

3. The paper underscores the need for effective assessment methods and tools,
using insights from a case study that evaluates students’ performance and
learning experiences with H5P exercises. It demonstrates the relevance of
H5P exercises in fostering student engagement with the learning material.

The case study focuses on the integration of H5P exercises in the instructional
design of a course taught at Université catholique de Louvain (UCLouvain). We
integrated the H5P exercises in Moodle, an open-source learning management
system (LMS) [1]. We conducted two rounds of user testing to evaluate students’
academic performance and learning experience with the H5P material. A mixed-
method approach allowed us to collect data from multiple data sources, cross-
analyze these data, and report an integrated vision of the case. We adopted a case
study approach, as scientific literature about the learning experience with H5P
is scarce and we have no intent to statistically generalize findings or demonstrate
cause-and-effect [29]. Instead, we discuss the proposed assessment methodology
and recommendations, and the replication of the case study across other teaching
units or e-learning technologies.

2 Background

2.1 Blended learning (BL)

BL, often used interchangeably with hybrid learning [17], lacks agreement on its
definition in the scientific literature [40]. Generally, it refers to the integration
of face-to-face (F2F) and online instruction [4, 17, 5]. Online learning occurs re-
motely via connected devices, either synchronously or asynchronously [8, 10, 30].
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Two influential BL definitions are offered by Graham [11], emphasizing F2F with
computer-mediated instruction, and Garrison [9], focusing on integrating F2F
and online experiences. Graham’s definition, more inclusive, omits constraints
on digital technology spaces, while Garrison’s emphasizes spatial, temporal, and
human aspects of learning [8, 10].

Three meta-analyses consistently report that BL outperforms other teach-
ing modalities, namely F2F [3,39] and online [27,39]. In particular, the authors
show positive effects on knowledge outcome, academic performance, and enhanc-
ing education. These results can be explained as follows. From the instructor’s
perspective, BL combines F2F and online modalities to address their respective
shortcomings [7]. F2F lectures facilitate direct interaction, fostering a strong
connection to the course structure and speakers, while online learning eliminates
spatial and temporal barriers, reduces operational costs, and enhances instruc-
tors’ monitoring capabilities, allowing for personalized educational activities [24].
From the student’s perspective, BL cultivates 21%¢ century skills such as creativ-
ity, critical thinking, and collaboration [19], while offering greater flexibility [22,
35| and student engagement [12].

However, BL remains challenging for both students and instructors. The main
challenges for students are related to self-regulation and the use of educational
technologies. As for instructors, the challenges are primarily linked to integrating
technology for pedagogical purposes [31]. There are also security and privacy
issues associated with using the H5P Hub to share and reuse interactive content,
as well as physical and time constraints on students and instructors to access
and use online resources effectively [5, 35].

2.2 Flipped learning (FL)

FL empowers students with more responsibility [14], by providing them with
access to learning materials such as videos, tutorials, or documents online before
F2F classes. Therefore, students’ initial exposure to new concepts or content oc-
curs through self-directed online learning, allowing class time to be utilized for
more interactive and collaborative activities, discussions, or application of knowl-
edge. This approach contrasts with instructor-centered methods where students
typically receive instructional content during class time and then work on as-
signments or activities independently outside of class.

Several tools exist to flip content (Table 1), among which HTML5 Pack-
age (H5P)2. H5P is a free and open-source framework supporting the creation,
sharing, and reuse of interactive HTML5 content. The framework includes an
editor that allows creation and sharing H5P content, a website, and plugins for
integration into learning management systems (LMS). The website contains ex-
amples of content types, a guide for authors and developers, and a forum for
sharing libraries, applications, and content types. To date, H5P offers 52 content
types among which quizzes, puzzles, interactive videos, and branching scenarios.

2 H5P:https://h5p.org
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Table 1. Comparison between H5P, Xerte, Storyline, Adapt, eXeLearning. Analysis
conducted in Jan 2024. y stands for yes.

Systems H5P Xerte Storyline Adapt eXeLearning
Last version 2024 2023 2023 2019 2013
Open-source y y y y
SCORM & HTML5 y y y y y
Other standards y y y y limited
Reusable content y y y y y
Community support y y y y y
Responsiveness y y y y

In exploring H5P applications in education, we first delved into its positive
impacts on student engagement, motivation, and self-regulation. For example,
H5P branching scenarios enhance the learning experience within virtual simula-
tions [35], while H5P interactive videos facilitate active engagement, self-paced
review, and immediate feedback [22|. Additionally, H5P interactive activities
contribute to asynchronous instructor presence [36]. Our exploration then ex-
tended to studies leveraging H5P to enhance video-based flipped classes [23, 41]
or exploring various content types for out-of-class activities, such as branching
scenario [37], accordion, image hotspot, and image sequencing [36]. Importantly,
none of these works uses the ’column’ content type, an H5P feature allowing the
grouping of various H5P content types in a column layout. Our analysis reveals
an untapped potential in utilizing this 'column’ feature for a more integrated
and dynamic learning experience. Moreover, to our knowledge, none explicitly
investigates the UX with H5P or provides recommendations for flipping a course.

3 Case study

3.1 Context

We developed H5P resources for the master’s thesis methodological seminar in
the communication sciences program at UCLouvain. The seminar aims to equip
students with essential research skills, including defining a research topic, antici-
pating methodological developments, evaluating project feasibility, and planning
the research steps and formal requirements for completing the master’s thesis.
The 120-unit, two-year master program involves the seminar (2 units), pre-thesis
research (3 units), and a master’s thesis (20 units). The seminar assignment fo-
cuses on synthesizing future research elements, while pre-thesis research requires
a comprehensive paper covering problem statement, literature review, methods,
initial data, and research plan.

The shift to FL was prompted in 2018 by the combination of the following
observations: students’ stress and frustration due to the lack of individual follow-
up; poor quality of the research topics submitted by the students at the end of
the seminar; course holder’s work overload while answering students’ individ-
ual requests and grading students’ research topic. In response, academic staff
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decided to flip the class about bibliography management, and initiated group
tutoring during the seminar. Group tutoring reduced both students’ stress and
course holder’s work overload, and increased the quality of the research topics
proposed by students. The resulting instructional design includes F2F lectures
and discussions, individual assignments, in-class quizzes, and H5P exercises ac-
cessible on Moodle.

3.2 Flipping content with H5P

We flipped bibliography management for several reasons. First, it is universally
applicable across all research topics, catering to the needs of all students. Sec-
ond, mastering these activities is crucial for scientific and master’s thesis writing,
offering valuable refreshers for students. Last, flipped content replaces less en-
gaging readings and lectures, optimizing F2F time for more pertinent subjects.
Although BL is often associated with video-based classes, we diverged from
the choice of H5P interactive video, the most extensively discussed H5P con-
tent type in scientific literature. Instead, we opted for the H5P column for the
following three reasons. First, relying solely on interactive videos for FL would
have been time-consuming, since video preparation and maintenance is resource-
intensive [41]. Second, interactive videos, proven to be most effective within 5-10
minutes [23,35], could risk losing student interest when dealing with a larger
quantity of content to flip. Third, by utilizing H5P columns, we could consoli-
date the content associated with a specific teaching unit within a single column,
adhering to Mayer’s segmenting principle [26]. Specifically, we chunked the con-
tent into four chapters, database searching (Chap.1), bibliography (Chap.2),
referencing (Chap.3) and avoiding plagiarism (Chap.4). We created a fifth H5P
column to introduce students to H5P interaction. For each H5P exercise (i.e.,
chapter), we followed the same procedure: (1) document the content of the cor-
responding teaching unit; (2) assign H5P modalities to the written content; (3)
implement in H5P; (4) proof-read and check the result as validation.

Table 2. Description of the H5P content used in each H5P column/exercise.

Chap.1 Chap.2 Chap.3 Chap.4
https://h5p.org/drag-and-drop 2 11 0 3

https://h5p.org/drag-the-words 4 5 1 2
https://h5p.org/fill-in-the-blanks 0 3 0 0
https://h5p.org/image-hotspot-question 0 4 0 0
https://h5p.org/image-hotspots 1 3 0 0
https://h5p.org/image-slider 0 5 0 0
https://h5p.org/single-choice-set 2 0 4 3
https://h5p.org/true-false 0 3 1 3
https://h5p.org/interactive-video 2 4 2 2
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3.3 User testing

We employed user testing to gather data allowing us to assess participants’
UX, academic performance, and attitude toward the H5P exercises. User test-
ing involved questionnaire to measure UX, knowledge test to measure academic
performance, and interview or questionnaire to gather data about attitude. This
mixed-method approach allowed us to cross-analyze different types of data.

We proceeded in two rounds. Round 1 (R1) was exploratory and took place
in distant synchronous mode in June 2021 with N = 12 participants, while
Round 2 (R2) was descriptive and took place in online asynchronous mode in
May 2023 with N = 27 participants. Both rounds followed a similar procedure.
First, all participants signed an online consent form authorizing the use of their
anonymized data for research purposes. Following this, they performed the ex-
perimental tasks. Finally, they filled out a questionnaire regarding UX, which was
followed by either an interview (R1) or a questionnaire (R2) about their attitude
toward the H5P material. There were differences between R1 and R2 regarding
the user testing mode, the scope of the experimental task, the pretest question-
naire, and the knowledge tests (Table 3). First, R1 took place synchronously
on Teams using links to the different instruments (e.g. consent form, tests, etc.)
with a video recording of the participant’s screen shared while they performed
the experimental task on Moodle. R2 took place completely asynchronously on
Moodle. Second, R1 participants completed one or two H5P chapters, while R2
participants completed all four H5P chapters. Third, R2 participants completed
a questionnaire assessing their level of expertise with each teaching unit and
their level of familiarity with H5P. Finally, R2 participants underwent a pretest
and posttest knowledge test, respectively before and after the completion of the
experimental task.

Table 3. Overview of the methodology in both rounds. * indicates R1 activities
accessed through a link provided by the experimenter in Teams conversation.

Round R1 R2

Period June 2021 May 2023
Goal exploratory descriptive
Mode online synchronous online asynchronous
Participants N =12 N =27
Online consent form yes* yes

Pretest questionnaire no yes

Pretest knowledge test no yes
Experimental task 1 or 2 chapters all 4 chapters
Posttest knowledge test no yes

UX questionnaire yes* yes

Follow-up interview questionnaire
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Please only check one circle in each line.

12 3 4 5 6 7
Attractiveness

In my opinion, the product is generally
annoying © O O O O O O enjoyable

bad O© O O O O O O good
unpleasant © O O O O O O pleasant
unfriendy © O O O O O O friendly

| consider the product property described by these terms as
Completelyirrelevant O O O O O O O Veryimportant

Fig. 1. Attractiveness scale. Template from https://uegplus.ueg-research.org/

3.4 Data collection methods

User experience. To assess participants’ UX with the H5P material, we used
the UEQ+, a modular and standardized questionnaire for measuring UX ac-
cording to up to 26 scales [33]. We used the same nine scales in both rounds.
Specifically, we opted for efficiency, usefulness, perspicuity, and intuitive use, as
these are recommended by authors for assessing systems designed to help users
achieve specific goals. We also included trustworthiness and quality of content,
as suggested for products conveying knowledge. We selected attractiveness, stim-
ulation, and novelty as they apply to all products. We chose these scales due to
their balanced coverage of task-oriented (e.g. usefulness) and non-task-oriented
(e.g. stimulation) attributes of UX [13]. Each scale gathers ratings on a 1 to 7
scale for four related items and the relative importance of the scale (Figure 1).
The ratings for the four related items collected from all participants enable the
calculation of a mean UX score for each scale and an overall UX score for the
H5P exercises. The mean relative importance of each scale is computed as the
average of the importance ratings across all participants.

Academic performance. To assess R2 participants’ academic performance (not
assessed in R1), we administered Moodle knowledge tests. A pretest knowledge
test measured participants’ baseline understanding of each teaching unit, serv-
ing as a benchmark for evaluating teaching effectiveness. We then compared the
posttest knowledge test results to assess participant progress and the efficacy of
H5P exercises. Finally, we cross-analyzed data with participants’ scores in each
H5P exercise, which were accessible from Moodle gradebook. We developed a
Moodle question database consisting of 20 questions in total, with five questions
allocated to each H5P chapter. Our design prioritized competencies over knowl-
edge assessment, with four questions on knowledge (i.e., what students know)
and 16 questions focusing on competencies (i.e., what students can do with that
knowledge) assessment, respectively. Examples of questions are provided in Ta-
ble 4. Questions were randomly extracted from the Moodle question database
for both the pretest and posttest knowledge assessments.
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Table 4. Examples of R2 knowledge test questions by question type. Q: questions; A:
answers; correct answers in bold; blank indicates no question for that question type.

Knowledge Competency

Chapter 1: Database searching

Q: What does bibliographic research entail? Q: What factors should be prioritized in an-
A: identifying previous research con- alyzing the relevance of a document found
ducted on a specific topic; referencing in a scientific article database? A: ab-
existing research on the topic; summarizing stract; authors; page count; source

prior research findings on the topic

Chapter 2: Bibliography

Q: What type of document does "Lalle-
mand, C., Gronier, G., & Dugué, M. (2018).
Méthodes de design UX: 30 méthodes fon-
damentales pour concevoir des expériences
optimales (2e éd). Eyrolles." correspond to?
A: article; book; book chapter; DVD

Chapter 3: Referencing

Q: Where should all references be found? Q: How to cite a source from a sin-

A: at the end of the text, in footnotes, in gle author in parenthesis format? A: (au-

the list of references thor’s name, publication date); (au-
thor’s name, publication date, page); (pub-
lication date, author’s name)

Chapter 4: Avoiding plagiarism

Q: Why cite sources in academic work? (se- Q: How to avoid plagiarism when copy-

lect all that apply) A: to avoid plagia-
rism; ; to distinguish personal opin-
ions from others’; to enhance credibil-
ity; to provide readers with additional

pasting a verbatim excerpt into your own
work? A: italicizing; italicizing, using
quotation marks and referencing the
source; using quotation marks

reference

Attitude. To assess R1 participants’ attitudes toward H5P exercises, we con-
ducted semi-structured interviews using the following questions: "Which aspects
of the H5P exercises positively affected your satisfaction?", "What are the three
most positive/negative aspects of the exercises?", and "Which aspects should
we improve in the H5P exercises?". Additional interventions, such as "Could
you tell us more about [...]?", "Do you have a concrete example of [...]?", or
"What does [...] mean to you?", were used when needed to clarify participants’
statements. For R2 participants’ attitudes toward the H5P-based instructional
design, we administered a questionnaire with the following questions: "What do
you consider to be the positive aspects of this learning tool?", "What aspects of
this learning tool do you believe could be improved?", and "Is there anything
else you would like to add?". This approach allowed us to gather comprehensive
insights into participants’ perceptions and preferences regarding the H5P exer-
cises and instructional design, facilitating informed decision-making for future
improvements and enhancements.
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3.5 Participants

We recruited all participants from the communication science master’s program
at UCLouvain, thereby the sample is representative of the targeted user popu-
lation [20]. Specifically, R1 participants were recruited through the social me-
dia of the master’s program, while R2 participants were all enrolled and active
students in the UX course of the master’s program. Analysis of pretest ques-
tionnaire revealed varying levels of familiarity with H5P: in R1, 9 out of 12
participants (75%) had never used H5P before the user tests, whereas all R2
participants (100%) had used it at least once.

Proficiency in bibliography management showed consistent patterns among
R2 participants (Table 5). Notably, they reported above average proficiency in
all teaching units with slight variability (Mean = 2.77, Median = 3, SD = .67).
Additionally, they reported a higher proficiency (Mean = 2.96) in avoiding pla-
giarism, presumably due to the severe consequences it carries in academia, while
reporting lower proficiency in both database searching and bibliography (Mean =
2.70) with a smaller variability (SD = .67), suggesting a potential lack of con-
fidence in their computational skills when searching databases and a potential
lack of familiarity with tools for automated bibliography creation.

Table 5. Summary of R2 participants’ proficiency with chapters. Proficiency expressed
on a 4-level scale from not proficient (1) to proficient (4). SD: standard deviation.

Proficiency Mean Median SD
Database searching (Chap.1) 2.70 3 .67
Bibliography (Chap.2) 2.70 3 .67
Referencing (Chap.3) 2.81 3 .62
Avoiding plagiarism (Chap.4)  2.96 3 .71

3.6 Conducting user tests

Completing all four chapters typically takes around two hours. Therefore, to en-
sure that user tests remained within a reasonable duration of under 60 minutes,
we randomized the assignment of R1 participants to different chapters. Partici-
pants P1, P4, P7, and P10 completed Chap.1; participants P2, P5, P8, and P11
completed Chap.2; and participants P3, P6, P9, and P12 completed both Chap.3
and Chap.4. This allocation was based on the number of H5P contents in each
chapter (Table 2). We used random assignment to mitigate selection bias [38].

In R2, the user tests were intentionally conducted asynchronously on Moodle,
closely mimicking the intended instructional setting. This allowed R2 partici-
pants to complete exercises at their own pace, without an experimenter present,
promoting greater autonomy and enhancing action fidelity [20]. While R1 par-
ticipants’ behavior may not correspond to the intended behavior due to artificial
conditions, R2 participants’ behavior may align closely with the behavior ex-
pected in the natural instructional context.
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We employed conditional access on Moodle to ensure that certain activities
remained inaccessible until prerequisites were completed. As depicted in Figure 2,
R2 participants were required to sign the consent form before proceeding to
the pretest questionnaire and knowledge test, and to complete pretest activities
before accessing the posttest knowledge test and questionnaires. We opted not
to implement conditional access to the chapters to maintain action fidelity. This
allowed participants the flexibility to skip chapters or complete them in any
order they preferred. This choice was also driven by occasional issues where
H5P activities are not always recognized as completed in Moodle, despite being
so, making it challenging to assess completion.

To collect complete answers, the user test was treated as an assignment in the
UX course, contributing to R2 participants’ final grade. The user test would not
be considered accomplished unless the last questionnaire was answered. The user
test had a designated start and end date. We provided an estimated duration to
complete each chapter.

I S—

Consent

—
._. form — —»{ Pretest

Start L :
~_— |

completed? yes € no

Fig. 2. Conditional access to Moodle activities.

4 Results

We collected both quantitative and qualitative data. R1 being exploratory and
R2 descriptive, we limited quantitative data analysis to descriptive statistics. We
used content analysis to analyze qualitative data, which consisted in transcribing
answers, coding information in an analysis grid, and processing it.

4.1 User experience

We analyzed participants’ UX with H5P exercises by looking at the data col-
lected with the UEQ+-. Table 6 presents UX scores for each scale, while Figure 3
depicts UX scores and relative importance. Altogether, UX scored very high in
R1 (Mean = 2.18) and high in R2 (Mean = 1.58) indicating an overall very
good UX with the H5P exercises. However, we observe a consistent decrease
in UX scores across all scales between R1 and R2 (mean: —.60, range: —.90
to —.36), likely due to R2 participants’ greater familiarity with H5P exercises
and their acquired UX expertise from attending UX courses in contrast to R1
participants, and the much longer duration of user tests in R2.
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Table 6. UX scores per round. Descending order on R2 means. SD: standard deviation.

Mean SD
UX scale RI R2 Rl R2
Efficiency 2.02 1.65 1.01 0.96
Usefulness 242 1.73 081 1.1
Perspicuity 229 193 082 094
Intuitive use 2,17 172 094 0.88
Trustworthiness of content 2.56 1.94 0.67 0.84
Quality of content 242 2.06 0.73 0.81
Attractiveness 215 1.3 0.92 1.03
Stimulation 1.88 0.98 1.03 1.14
Novelty 1.75 093 128 1.1

-3

Fig. 3. UX scores (top) and relative importance (bottom). Mean scores with confidence
intervals per UX scale on a —3 to 43 range. R1 in light grey, R2 is in dark grey.
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UX scores for efficiency, usefulness, perspicuity, and intuitive use are well
above average in both rounds (consolidated means: 2.23 in R1, 1.76 in R2), high-
lighting the effectiveness of the H5P exercises in facilitating goal achievement.
In particular, perspicuity scores indicate that learning how to use H5P was easy.
In addition, participants in both rounds consistently expressed the high impor-
tance of these four UX attributes, especially in R2 compared to attractiveness,
stimulation, or novelty.

Throughout both rounds, participants consistently expressed high regard for
the trustworthiness and quality of content (consolidated means: 2.49 in R1, 2.00
in R2), as reflected in the respective mean UX scores with significant relative
importance. This indicates that the information conveyed through the H5P ex-
ercises is reliable, of high quality, up-to-date, and well-prepared. Notably, the
relative importance of quality of content did not decrease between rounds, which
indicates that participants placed more value on substance than on other system
characteristics, such as attractiveness, stimulation, or novelty.

UX scores for attractiveness, stimulation, and novelty exhibit the most no-
table decrease between R1 and R2 (consolidated means: 1.93 in R1, 1.07 in R2),
indicating a significant decline in overall impression regarding the exercises’ at-
tractiveness, originality, and enjoyment. This decline could be attributed to R2
participants’ increased familiarity with H5P exercises and their acquired UX ex-
pertise from attending UX courses, as well as the substantially longer duration
of user tests in R2. Unsurprisingly, R2 participants also rated these system char-
acteristics as less important compared to others. Although results demonstrate
the usability of the H5P exercises as well as the validity of prioritizing content
quality, they suggest that the entire H5P set could benefit from shortening the
overall duration to complete the exercises, so as to increase attractiveness.

4.2 Academic performance

As there was no knowledge test in R1, the entire remainder of this section fo-
cuses solely on R2 and its participants. We analyzed R2 participants’ academic
performance by looking at the scores they obtained at the pre- and posttest
knowledge tests (12 questions, 1 point each) and H5P exercises (10 points each).
Participants exhibited improved performance in the posttest (Mean = 10.21)
compared to the pretest (Mean = 8.47), with most scores clustered near the
maximum (Median = 10.75) and a smaller range of scores from 6 to 12 (Ta-
ble 7), which highlights the effectiveness of H5P exercises in improving knowledge
and competencies regarding bibliography management.

Table 7. Comparison of academic performance between pretest and posttest.

Test Mean Median Range N
Pretest 8.47 8 3.85-11.5 27
Posttest 10.21 10.75 6-12 27
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Most participants (N = 18, 67%) improved their scores between the pretest
and posttest, two (7%) maintained identical scores, seven (26%) experienced
decline (Table 8). The group that showed improvement increased performance
by 26% (from 62% to 88%), while the group that experienced decline decreased
performance by 10% (from 88% to 78%). This suggests H5P exercises are most
beneficial for participants who demonstrated the least proficiency in the pretest.

A detailed examination of participants performance and engagement in H5P
activities highlights a consistent trend of high scores across all chapters, with
the majority of participants achieving 100% together with a strong engagement
in Chap.l (N = 25) and Chap.3 (N = 23). Chap.2 and Chap.4 appear less
explored, with a majority of participants (respectively N = 18 and N = 20)
failing to engage with them.

Table 8. Participants scores per chapter, pretest and posttest. Delta: score difference
between posttest and pretest.

Participant Chap.l1 Chap.2 Chap.3 Chap.4 Pretest Posttest Delta

P8 10 - 10 - 5.5 11.8 6.30
P6 10 - 10 - 7.5 12 4.50
P20 10 10 10 8.89 7.5 12 4.50
P4 10 10 10 - 7.75 12 4.25
P26 10 - 10 - 8 12 4.00
P25 10 10 10 9.72 7 10.75 3.75
P11 10 - 10 - 7.5 11 3.50
P19 10 - - - 7.6 11 3.40
P14 10 - 10 - 7 10 3.00
P1 7.65 - 9.38 6.94 7.5 10.5 3.00
P21 10 - 9.38 - 6.5 9.35 2.85
P27 - - - - 5.5 8 2.50
P3 10 10 10 9.72 9.5 12 2.50
P24 10 - 10 - 3.85 6 2.15
P2 10 10 10 9.72 10 12 2.00
P9 10 - - - 9.35 11.1 1.75
P23 10 - 10 - 6 7.25 1.25
P12 10 - 10 - 10 10.6 0.60
P7 10 - 10 - 10 10 0.00
P13 10 - 10 - 11 11 0.00
P5 10 10 10 8.89 11.25 11 -0.25
P16 10 10 10 - 11.50 11 -0.50
P17 10 10 10 10 10 9 -1.00
P22 10 10 8.75 - 11 10 -1.00
P10 6.47 - 8.75 - 10.25 8.50 -1.75
P15 - - 10 - 10.25 8.25 -2.00
P18 3.53 - - - 10 7.75 -2.25
Mean 9.50 10.00 9.84 9.13 8.47 10.21 1.74

N 25 9 23 7 27 27 27
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Notably, 88% of participants achieved a score of 10 in Chap.1, 100% in
Chap.2, 82.60% in Chap.3, and only 14% in Chap.4, demonstrating a solid grasp
of the material except in Chap.4. Participants exhibited a strong engagement in
Chap.1 (92.59%) and Chap.3 (85.19%), indicating interest in the themes, likely
because database searching and referencing are areas where they typically en-
counter the most difficulty. Conversely, participants shown disinterest in both
Chap.2 and Chap.4, likely overestimating their knowledge and competencies in
bibliography and plagiarism.

4.3 Attitudes

Thematic analysis of participants feedback reveals recurring themes, providing
insight into positive aspects and areas for improvement in the H5P material.
Positive aspects include the richness of H5P contents, their interactive features,
and their ability to empower participants. First, participants praised the diver-
sity of content types offering a good user experience, ranging from drag-and-drop
exercises to interactive videos. In particular, participants found the combination
of video and text beneficial as it enabled them to easily follow along with the
text while watching the video (P12 in R1, P25 in R2). In R2, P8 mentioned that
the variety of questions helped in retaining the information read. Second, par-
ticipants enthusiastically welcomed interactive features such as drag-and-drop
and interactive videos, despite manipulation slips while placing tiles in drag-
and-drop (P9 in R1, P6 and P13 in R2) and some activities exceeding the page
size (P6 and P20 in R2). However, interactions kept them engaged (P6 in R1, P2
in R2), focused (P8 in R2), while making exercises enjoyable to use (P5 in R2).
Third, participants valued the ability to self-correct thanks to direct feedback
after answers, the flexibility to study at their own pace, the ability to access
exercises at any time (e.g. P6 in R1 and P8 in R2). Furthermore, P2 in R1 and
P25 in R2 judged the possibility to retry as motivating. These results are consis-
tent with the relevant literature regarding testing effect [36], interactivity [22],
stimulation [37], and interactive videos [41].

Suggestions for enhancement mainly centered around augmenting the H5P
column with new features, such as a progress bar (P8 in R1, P6 in R2), which is
beyond our control. P11 in R2 also suggested incorporating accessibility features
for students with special needs. Additionally, participants expressed concerns
about the excessive length of Chap.2. Lastly, two participants (P1 in R1, P23
in R2) highlighted the need for additional feedback in H5P activities, regardless
of whether they provided correct answers or not. This issue is beyond our con-
trol since feedback in H5P is determined by a range of correctness rather than
individual items. However, we intend to meet this request in a future version of
Moodle pre- and posttest knowledge tests.
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5 Discussion

5.1 Cross-analyzing data

Participants from R1 and R2 exhibited a high level of satisfaction with the
H5P exercises, as evidenced by both UX scores and attitudes. Their satisfaction
was particularly pronounced regarding content (trustworthiness, quality, and
richness) and they perceived the H5P exercises as beneficial to learning. While
usability factors (efficiency, usefulness, perspicuity, and intuitive use) also con-
tributed to their satisfaction, they received less emphasis, especially efficiency
and intuitive use. This is likely due to minor difficulties (e.g. placing tiles in
drag-and-drop features and content exceeding page size), which required par-
ticipants to redo their work to achieve their goals. These minor shortcomings
are largely balanced out by the fact that H5P interactive features kept partic-
ipants motivated and focused on the content. These findings demonstrate that
the information conveyed in H5P exercises is reliable, well-crafted, and engaging,
which is crucial for the effectiveness of online learning [39].

The pronounced decrease between R1 and R2 in attractiveness, stimulation,
and novelty UX scores can be attributed to two factors: increased familiarity
of R2 participants with H5P and excessive duration of Chap.2. The duration
of Chap.2 also elucidates the disinterest of R2 participants, as evidenced by
their lack of engagement with it. The comparable and simultaneous decrease in
relative importance suggests that participants prioritized substance over form,
viewing H5P as a task-oriented technology in learning contexts. Task-oriented
refers to technologies that users employ to achieve specific goals (here, learning),
whereas non-task-oriented refers to technologies where users formulate goals "on
the fly" [13]. This finding underscores the importance of crafting H5P exercises
that capture students’ interest and prompt them to fully engage with them [12].

Moreover, the improvement in academic performance observed between pre-
and posttest knowledge tests suggests that the H5P exercises effectively facili-
tate knowledge and competencies acquisition. This finding corroborates existing
literature indicating the efficacy of H5P in promoting deeper understanding and
mastery of subject matter [5,22,35]. Chap.1 and Chap.3, which elicited higher
levels of engagement, exhibited superior academic performance, highlighting the
importance of designing engaging and relevant learning materials. The associ-
ation between R2 participants’ engagement and academic performance further
supports the notion that active involvement in learning activities contributes to
better learning outcomes [12].

Finally, participants’ feedback provided valuable insights into the strengths
and areas for improvement of the H5P exercises. Positive feedback regarding the
variety of content types and user-friendly interactive features underscores the
importance of providing diverse and engaging learning experiences [6]. However,
suggestions for enhancements, such as accessibility features for students with
special needs, indicate areas where further development is needed to meet the
evolving needs of users.
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5.2 Strengths and limitations

The improvement in academic performance observed between pre- and posttest
knowledge tests supports our initial objective of flipping content to allocate more
F2F lecture time to other relevant topics, while addressing the methodological
needs of all students regarding a core aspect of completing a master’s thesis. By
equipping students with a solid foundation in bibliographic management, H5P
exercises have brought us closer to achieving this goal.

We did not intend to make statistical generalizations. Case studies typically
intend to provide an in-depth understanding of a specific case. Instead, we report
an integrated vision of multiple qualitative and quantitative variables regarding
students’ user experience, academic performance, and attitude toward learning
material flipped with H5P. R2 assessment methodology can be replicated with
other courses, curricula, and other e-learning tools, such as Xerte, Storyline,
Adapt or eXeLearning. Cross-analysis between multiple variables with N = 39
participants is a strength rather than a weakness. However, it would be interest-
ing to replicate the case study with student groups in other master’s programs.

6 Recommendations

BL requires changing the habits and practices of both students and instruc-
tors [34]. Specifically, instructors may face challenges while flipping content for
BL. The following recommendations are intended for instructors willing to use
H5P to flip content and range from practical tips (1-4) to conceptual advice (5-8),
positioned against related work.

1. Start small with existing unflipped resources. The implementation of H5P
exercises is resource-intensive [41]: implementing our first H5P exercise took
us a hundred times the student time to complete the exercise. We recommend
starting with a small chunk [26] of course that will produce a substantial
return on investment, e.g. a refresher course.

2. Use one H5P column per teaching unit. Instructors can consolidate content
for a teaching unit in one H5P column, aligning with Mayer’s segmenting
principle [26]. Structuring these elements in a column layout introduces a
visually engaging dimension, promoting clear comprehension [26]. This ver-
satile approach optimizes student engagement, elevating the learning expe-
rience’s overall effectiveness.

3. Be economical with both content and instructions. Superfluous elements
can impede learning by requiring excessive cognitive processing, hindering
educational objectives [6,26]. Additionally, maintaining video duration of
around five minutes is advised to mitigate dropout rates [23,35]. Finally,
avoid spending time producing a getting started tutorial, as H5P is intuitive
and easy to use.

4. Allow students to manage the pace of their learning by indicating time to
complete exercises and providing unconstrained access to material. This pro-
motes self-regulation by creating an opportunity for students to learn how
to control their time and to complete exercises in the sequence they choose.
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5. Establish instructor-student relationship through feedback in answers [25,
32]. Although this recommendation requires a significant resource invest-
ment, it is worth the effort, as it is important to provide feedback to guide
and motivate underperforming students and to mark the presence of the
physically absent instructor.

6. Allow for game-based learning [28, 2| through various H5P contents ranging
from well-known interactions such as drag-and-drop to lesser-known such as
image hotspots. The playfulness of H5P interactions (e.g. earning points and
stars) will help maintain students’ motivation [35, 22].

7. Promote inclusive and accessible teaching by using multiple modalities (e.g.
text, images, audio, video) to present the same information. This "efficient
redundancy" addresses the specific needs of a wide range of students with
diverse abilities and learning styles [6, 26].

8. Flip common-ground content that will meet a need encountered by all stu-
dents. We recommend selecting refresher courses, or a document or a lecture
that students typically consider boring, to allocate more F2F lecture time
to advanced topics and students’ requests.

7 Conclusions

In this paper, we adopted a user-centered approach to flip course content using
H5P and delivered an instructional design that meets students’ needs [42]. Fur-
ther, we demonstrated that H5P exercises satisfy the increasing need for active
pedagogy aiming at making students actors of their learning [15]. Through user
testing of H5P material targeted at bibliography management, we demonstrated
that H5P helps maintain students’ motivation, and supports self-directed, game-
based and trial-and-error learning, which enhances learning experiences [16].
However, ongoing efforts are required to address students’ specific needs. The
case study provides a detailed, step-by-step breakdown of how to leverage H5P
interactive exercises to flip content, as well as a series of recommendations to
flip content using H5P. Future work should replicate the case study with student
groups in other master’s programs.
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